An immersion test was made with an amine cured epoxy resin under nitric acid solution. Amine cured epoxy showed very poor resistancein nitric acid solution. An application of this behaviorto glass fiber compositedisposal or recyclingwas tried and discussed its possibility.
Introduction
Since anti-corrosion resins have been developed, glass fiber reinforced composites have been used under severe corrosive conditions in chemical plants such as large size tanks, vessels and pipings. Corrosion resistivities, however, are not enough at every conditions. We have reported corrosion behavior of matrix resins and composites in acid or alkaline solutions 1 ).2). Different behavior were recognized according to the combinations of matrix resin systems and solutions. Amine cured epoxy shows good corrosion resistance in alkaline solution, butshows poor resistance in acid solution'? especially in nitric acid solution 4). Inversely, this poor resistance can be expected to be useful for glass fiber composite waste disposal and recycling. Fiber reinforced composite disposal and recycling are both international issues. Inthis paper, corrosion behavior of amine cured epoxy in nitric acid is investigated in detail, and possibility of application of this character to composite disposal or recycling is also discussed.
Experimental procedure
Resin used was bis-phenol-A type epoxy resin cured with 1,8-p-menthandiamine (MDA), and a glass mat was used as reinforcement. Immersion tests were carried out with a plate type specimen of 25*60*2 mm in HN03 and H2S04 solutions, at 80t. After immersion, specimens were removed from the environments, then wiped and left in atmosphere for an hour, were weighed (wet weight). It was weighed again after completely dried at 50°C (dry weight). After the weight measurement, a flexural test was performed at room temperature with 2 mm/min testing speed and 40 mm span. Observation of specimen appearance, infrared spectroscopy (lR) and size exclusion chromatography (SEC) were further made todiscuss the degradation mechanism of the resin and the possibility of corrosion behavior to glass fiber composite disposal and recycling.
Results and discussion Fig.1 shows the wet weight change of MDA cured epoxy resin when immersed into HN03 solution and H2S04 solution for comparison. The epoxy showed a gain in weight in H2S04 solution by the formation of tertiary amine salt at amine group3),4). This resin showed, however, severe loss in weight in HN03 solution, and a decrease in strength. The specimen changed to yellow, and gas generated during immersion. A corrosion product like gel generated on the surface of the specimen and the thickness of the specimen decreased gradually. lo()I-.......------...... Large weight loss in HN03 solution can be explained by the formation of carbonyl group and carboxylic acid which were confirmed by IR spectrum around 1700 cm! and 900 cm! respectively. This means that the ether bond formed by polymerization with a pair of main chain was cut off. By the scission of C-N and ether bonds, characteristic behavior in HN03 solution above mentioned could be explained.
Because of the very high corrosion rate of the epoxy in HN03 solution, the application of this phenomenon to fiber composite disposal and recycling was tried. When the composite was immersed into HN03 solution, this specimen also degraded rapidly as the neat epoxy resin. Fig.2 shows the change of appearance with immersion of the composite specimens. After about 100 hours in 4 mol/l HN03 solution, matrix resin completely dissolved into the solution and fiber was separated from matrix. This method, therefore, can be considered to be a possible technology as a separation process of fiber and matrix which is one of the important technology of glass fiber composite disposal. The solutions after immersed for 100 and WOO hours were analyzed with size exclusion chromatography (SEC). The liquate outs were extracted with ethyl acetate, then the solutes were dissolved in tetrahydroflan (THF). Fig.3 indicates that the solutes in the solution have very sharp molecule weight distributions, and are independent of immersion time. The mean molecule weights were slightly larger than that of uncured epoxy resin as a source material of the specimen. Uncured EP showed another peak which correspond to dimer compound. This means that corrosion product as a solute would be a compound with stable structure and sharp molecule weight distribution, such as oxidized and nitrated bis-phenol A. Since the corrosion product is confmned to such compound, application of this behavior to chemical recycle seems to be possible. 
Conclusion
Corrosion behavior of MDA cured epoxy resin in RN03 solution was examined in detail. The epoxy resin was dissolved easily in RN03 solution, and the corrosion mechanism was clarified from IR spectrum. Glass fiber composite with the matrix resin was also dissolved and this phenomenon is suitable to the separation of fiber from glass fiber composite waste. Then SEC analysis was made on corrosion product as solutes in solutions after immersion tests, and a narrow molecule weight distribution was observed. This fact suggests the possibility of chemical recycle of matrix resin.
